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cause the perpetual warmth of the tropics and the es- 
treme cold of the polar re ‘ons. 

free motions may be continuously maintained against 
resistances by active forces, a state of steadv motion 
under balanced forces must soon be established. If the 
active forces and the op osing resistances are constant 

re ardless of the direction of motion. Changes of bot8h 

in amount or character of the active.forces or resista.nces, 
except in the improbable .case in which simultaneous . 
changes in both force and friction just offset each other. 
X. Flow of a.ir tench to minimum., or sta.tt qf Irst.-The 

flow of masses of the air from places of higher to places of 
lower pressure obviously at once tends to reduce or 
dissi ate the pressure gradient to fill up the low, after 
whicg friction stops the motion. Such flow also tends 
to reduce or remove temperature contrasts and any like 
causes which tend to create. and maintain gradients. 
I n  other words, a.ll motions of the atni.osp7i.n.e d w  to tfm- 
per&re. con.trasts an.d pressure gradients tend automatically 
to the minimu.m of m,otions, 01’ to a state o r4st. First, 

IX. Steady m.oi%m un. !?? er bnlancod forces.-Whatever 

the velocities in the stea I f  y state will always be const,ant, 

ve f ocity and direction must always accompany clianges 

because even without friction the flow an d intermixture 

must equalize temperatures and dissipate gradients or 
reduce these to a niinimum. Second, the surging and 
oscillat,ing motions of great complexity whch con- 
ceivably niight be set up and continue forever without 
friction, must by it be readily damped out or reduced 
to a steady state of the minimum motion. 

SI. The motions of the air must satisfy the equations 
of continuity which require that the inflow and outflow for 
a iven’region shall be equal on the average. 

$11. Hadley and others since assume, without ade- 
uake basis of roof, however, that the algebraic sum of 

the entire surface of the globe is zero, because otherwise a 
chan e in the period of rotation of the earth on its tixis 

The foregoing is believed to clearly state principles of 
great fundaniental inipbrtance in dynamic meteorology. 
The whole difficult problem of the mechanics and ther- 
modynamics of the atmosphere is comprehended in the 
steady winds and the changing motions, for which simply 
the condition? are stated in paragraphs IX and X. 

The literature of mathematical meteorolo y in so f a r  as 

in mathematical terms principles IX and X. 

3 1  the frictiona f affects between the air and the earth for 

shou f d be in evidence. 

it relates to atmospheric circulation is an e f f  ort to satisfy 

THE GREAT CYCLONE OF MID-FEBRUARY, 1919. 

By C. LEROY M E I S ~ G E R .  
[Weatbcr Bureau, Washington, D. C., Oct. 23,1920.1 

ByNOPsIs. 

Between the loth and 16th of February, 1919, the United States wit- 
neawd the pass of a cyclonic storm of more than usual intensity, 
with 8lmost circz isobars, with a diameter suffjcient to overreach the 
northern and southern borders of the country, and wi th  a persistence 
which enabled it to retain ita identity from the time it a peared in the 
western United S t a h  until it disappeared off NeJoundlond. A 
study of this storm, based upon the u per air data obtained at stations 
of the Meteorological Section of the & n i l  Corps and of the Weather 
Bureau, shows that the distributiqn of weather elementR agrees closely 
with the usual conditions as- d v b e d  b .Bjerknes. The influence of 
the storm extended at least aa wh aa 3. hlometere, aa shown bv kites 
and pilot balloons. There were high wmd velocities, both at the sur- 
face and aloft, which gave rise to mdespread dust storms in the Middle 
West. E’ ht map show the distribution ofpreasure and winds (surface 
and aloft)%m the 12th to the 15th, inclusive. 

INTRODUCTION. 

It is not often that the endless rocession of low- 
pressure areas, sweeping across the 8 nited States from 

’ west to east, reveals a member so strikingly symmetrical, 
so intense, so persistent, and so remarkable in the dis- 
tribution of oloudiness and precipitation as that of F9b- 
n a r y  10 to 16,1919. Ap earin5 on the morning of Feb- 

southeastward into the United States, and by the morn- 
ing of the 11th was oentered in northern Nevada. The 
morning of the 12th found it centered a t  Denver, the 13th 
in eastern Kansas, the 14th in central Illinois, the 15th in 
New England, and the 16th found it over the Atlantic 
east of Newfoundland. Its greatest intensity was 
observed on the morning of the 13th a t  Kansas City, 
where the sea-level ressure was 28.90 inches. Previous 

remainder of its ‘ourney across the United States it 

when it appeared to intensify slig tly because of the 
warmer air, the lesser surface friction over the water, and 
the increasing latitude. With such a strong horizontal 

adient of pressure, it was natural that there should be 
g g h  winds; and with such active circulation that there 
should be a strong surface tern erature gradient. There- 
fore, because of the almost i B ea1 characteristics of this 

nary 10 off the coast o !i BritLsh Columbia, it moved 

to this time it had. f een gradually deepening, and in the 

diminished very s ! owly until it ap roached the ocean, K 

LOW, it has seemed worthy of study, not only as to surface 
weather, but also as to the winds aloft. 

WEATHEB AND WINDS. 

PrecipitaEiom-In several recent a ers on the general 
sub’ect of forecasting weather, &of V. B’erknes has 

of cold and warm air interact in circulating about a 
barometric depression, based upon his observations in 
Norway. There are two distinct lines of discontinuity 
in the moving cyclone, tha steeting line, which is shaped 
like an inverted “S” and occurs in the eastern half of the 

out 1 ined in a very lucid manner the way in w ill ‘ch masses 

1 The stnicture of the atmosphere when rain is falling. .Jour. Ro@ dlitmrp 
logical Socidv 4pril 18?0 p. 119-140: shstrrret In ?do. %E, REV., July 1920, 
48:401. Thedetooroiogy of ti0 temperate zone and tho.!puerel atmospheric elrmfstlrm. 
AWure (London), June 24,1820, pp. 5 2 2 2 4 ;  abstract m later REVEM-. 
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rn Colorado, it had not yet attained sufficient control 
over the warm, moist air over the Gulf of Mesico to 
induce precipitation as usual in the region east of the 
center. But Tams, Louisiana, Arkansas, and Okla- 
homa were covered with clouds, and farther north, in 
Kansas, Missouri, and Illinois, the sk;v was partially 
covered. During the succeeding 24 hours, however, - 

(8 a. m., 75th mer. time) rain was fall along a strip 

northwestward into Indiana, Illinois, and Iowa. This 
was caused by ascending southerly winds, which at the 
surface were strong. Rain and snow were also falling in 
southern Kansas and Oklahoma along the squall line. 
This relative distribution of precipitat.ion moved con- 
tinuously forward into new re om of the countiy, owing 

observations on the upper winds, which are given later, 
also show this eastward progression. 'It may be of 
interest to quote excerpts from the weather-map synopses 
pre ared by Dr. Frankenfield on the mornings in question: 

dbruary  12: 
Low pressure prevails rerally this molaing, except in the Paafic 

States and there ie a mar ed disturbance central over emtern Colorado. 
Preciphation continued neral west and northwest of the storm 
center, but aa yet there pm be& none to the eastward and south- 
ward. ** * * 

cipitation was eneral throughout the Mississi pi Va Y ley 
and Southern 8 tates. But at  the time of o F!l servation 

extending from eastern Georgia and Y outh Carolina 

to the eastward movement o i@ the cyclonic center. The 

February 13: 
The most severe storm of the resent winter is central this morning 

over northwestern Missouri witf a barometer reading of 28.90 inches 
at Kansas Cit The storm influence covers the entire country east 
of the Rocky Gountaina, and there are general rains in the Southern 
States, the great central valleys, and the southern upper Lake Region, 
and rains and Enom in'the Plains States. * * * 

February. 14 : 
The barometer is still abnormally low over the eastern half of the 

country, with a very slow movement of the center of disturbance, 
which is over Illinoia this morniu. General & continue over the 
low area, with also coneiderable-mow on ita northern and western 
boundaries. * * * 

Trnperdure.-The effect of the cyclone with respect 
to temperature was most marked on the lath, Uth, and 
14th, because on these dates the storm was so situated 
as to produce the greatest contrast of temperature be- 
tween the front and rear. Before the storm was ceii- 
tered in Colorado the temperatures over the eastern half 
of the United States were uite even, the difference 

ture became stro ly marked, however, as soon as the 

A line drawn through the center of the depression in a 
generd northwesterly direction lies nearly normal to the 
isotherms. Measuring along such a line on the several 
succeeding mornings we discover large differences in sur- 
face temperature. For example, on the 12th, between 
Galveston, Tex., and Yellowstone, Park, Wyo., there was 
a difference of temperature of 20' C.; on the 13th, be- 
tween Mobile, Ala., and Rapid City, S. Dak., there was 
a difference of 21' C.; and between Jacksonville, Fla., 
and Moorhead, Minn., on the 14th there was a difference 
of 25' C. By the nest morning the center of the LOW 
.was so far advanced that it is not possible to obtain 
tem eratures in its southeast quadrant, but between 

ture had increased to 28' C. 
Following the .storm low temperatures we're prevalent 

o m  the eastern United States as a consequence of the 
northerly win& in the rear of the storm. 

between the Gulf re 'on and 5l t e Great Lakes being not 
over 11' C. The i nfr uence of the LOW upon the tonipsra- 

storm crossed the 3 oclries. 

Jac 8 onville and Moorhead the difference of tempera- 

Uppm air o6smations.-The u per air observations 
made nt  this' time were largely in t % e hands of the Mete- 
orologicsl Section of the Signal Corps, which had stations 
at  many of the flying fields and artillery camps.&Theae 
observations were made with pilot balloons and clouds, 
the latter being non-instrumental. The Weather Bureau 
had at  that time six kite stations, a t  several of which 
ilot balloon observations were also made. Pilot-bal- 

Lon observing during the passage of a LOW is, owing to 
the widespread cloudiness and conse uent earl disap 

ered from the records of stations and 

cloud data fiom the regular stations of the Weather 
Bureau were not used because of the fact that the Signal 
Corps stations made more frequent complete observa- 
tions, often every two hours- moreover, the meteorolo- 
gists in char e of nearly ad these stations submitted 

secured an equivalent amount of information from the 
ori inal forms would have involved labor incommensu- 
rab e with their value as additional material. 
Over- and u n d m n n i g  .luinds.--One of the interesting 

studies to be made with up er air wind data is that con- 

esmgfe is to be found on the morning of the 12th. The 
steerha line, as shown by the very short wind arrows on 
Chbt  'iI in red, extends eastward from the center of 
low pressure through southern Nebraska and Iowa, across 
central Illinois to a point in central Indiana, where it 
was influenced by a secondary LOW centered over south- 
ern Lake Michigan. This line, according to Bjerknea 
may be considered as the line alon which the winds oi 

the current of easterl winds. The kite observations at 

material. Drexel lies ngt over 50 lnlometers north o 
the position of the steering line. Here there was ob- 
served a turning from ESE. to SE. at  an altitude of 1,000 
meters above sea level, or 604 meters above the station. 
With this shift of direction was associated an inversion 
of tem erature, part.of which'ma undoubtedly be at- 

was enhanced by the low tem erature of the ground 
itself. The record shows a s 2 c e  temperature of 0.8' 
C. (33.1' F.)& a temperature at  104 meters above the 
station of 3.9 C. (38.8' F.), and at  604 meters above the 
station of 11.0' C. (51.8' F.). From a point 39 meters 

pearance of the balloon, rather unsatis ? actory. Jhe  data 
presented here and in 

the aerological stations 

charts are gath- 

transcri ts o P their records during this period, which 
greatly f acilitated the organization of the data. To have 

cernin the overrunning an x underrunning of winds. An 

southerly component leave the sur B ace and rise up over 

i Dresel, Nebr., and E iT endale, N. Dak.! afford interestin 

tributaile to the southerly wind, a s though the inversion 

erature fell slowly for 500 metels and 

same morning we find the wind becom- 
ing SE. from E. between 1,200 meters and 1,500 meters 
above sea-level, or between 706 and 956 meters above 
the station. Estimating the point on the steering line 
where the air, rising in a northwesterl direction, would 
reach Ellendale, we find the horizont 89 distance it would 
have to traverse to be about 600 kilometers. It is now 
possible to estiniate the rate of- ascent of the southerly 
air. Estimating the height of the point where the an 
left the surface as about 390 meters above sea level, it is 
found that the ratio of vertical to horizontal motion of 
the air at Dresel is about 1 to 71, md at Ellendale is 
about 1 to'500. Bjerknes, in Norway, usin5 the formula 
of Margules,a finds that there is an' "inclination, as a rule, 
of an order of magnitude between 1 h.50 and 1 in 100." 

os M a r  On the energy of storms. Endish tnrnslatlon b~ CIeveland Abbe, 
d ~ ~ & c h h ? !  of the Earth's Atmosphere, BrmthsanianMisc. Cd., vol. N, No. 4, 
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Cheyenne .......... 
Huron 
North Platte 
Dodgecity: 
Wichita 
Oklahoma City.. 
Amardlo.. 
Ahl13ne ............ 
El Paw.' ........... 
Del Rio 
Ban Antonio.. 
Milwaukee 
Tern! Haute 
Evansville 
Little Rock 
Vickshurg 
Memphis 
Pemsmls - 

It is seen that this agrees With the value at Dresel, but 
not at Ellendale. The distance from the steering line 
to Ellendale, 600 kilometers, is a greater distance than 
Bjerknes has to deal with in Norway, whereas the dis- 
tance to Drexel, 50 kilometers, is quite comparable with 
those in NorwQy. 

When attention is paid to the moisture content and 
temperature of the air aloft in the occurrence of over- 
running winds at various aerological stations, the amount8 
of precipitation to be ex ected over the region in ques- 
tion can be computed. ikpposing two stations, such as 
Drexel and Ellendale, show the progress aloft of an 
ascending la er of warm, moist air. The amount of rain 

from Drexel to Ellendale will be equal to the difference 
in the amount of moisture contained as it passed over 
the two stations'. This rainfall is, owing to the coolllig 
of the air, largely as a result (1) of rising over the wedge 
of cold air at the surface, and (2) of rising on account of 
lateral convergence within the southerly wind itself. The 
amount of ramfall due to the first may be computed 
roughly from the cooling iwsulting from the rise of air 
up the slo e from one station to the other. That due to 

the total and that computed for t e first. The placing of 
such data in the hands of the forecaster in time and in such 
aform as to be ofservice in his work should be of assistance 
in the forecasting of precipitation. In the c,ase of Feb- 
r u y  12 the region wherem precipitation would ordi- 
nariy be expected was clear. The Dresel obserratibn 
shows that both the lower and overrunning air were of 
low relative humidity, averagin about 50 per cent ant1 

about 92 per cent and 63 per cent, respectively. These 
data are sufficient to show why there was no piwipita- 
tion. If there had been available, on the following day, 
data from i series of four or five stations, estending from 
Leesburg, Ga., through Royal Center, Ind., to northern 
Michigan, it 'would have been possible to compute the 
amount of rainfall over that region. 

In 
red are iven the surface wind directions f small arrows), 

meters above sea level (large arrows). The charte pre- 
sent the morning and evening conditions for the four days 
February 12 to 15, inclusive. It should be remarked 
that in the case of the afternool? maps the upper air 
observations which represent conditions at about 3 11. m. 
(seventy-fifth meridian time) are plotted over barometric 
and surface wind conditions for 8 p. m. This dis- 
cre ancy of five hours between the u per wind directions 

moderate rate o movement of the depressipn. The data 
for the wind directions at the 1, 2, and 3 kdometer levels 
are shown in black arrows-olid for 1 kilodieter, dashed 
for 2 kilometers, and dotted for 3 kilometers. Wlienewr 
two or all of these levels had wind of the same direction, 
the fact is indicated by two or three heads on the arrow. 
Wherever the observation is upon clouds alone, a black 
symbolic arrow, varied for the different cloud types, as 
shown in the legend, is placed as near the station as 
possible. 

It is seen from the charts that the wind directions to at 
least 2 kilometers conform quite closely to the sea-lewl 
distribution of pressure. It is the normal. thing for winds 
at 3 kilometers in cyclones to show quite a decided 
westerlg: tendency. Such is the case here where obser- 
vations to that'hefglit were made. Since there were 
practically no observations in the northern part of the 

that will fa1 9 out of a section of such a layer in traveling 

K the secon a would be approxhatel the difference between 

26 per cent, respectively. At E 7 lendale the values were 

The charts show all the available aerolo ical data. 

the sea-eve1 K pressure, and the wind directioiis at 500 

s an cp the surface robably is not sign cant because of the P 

Cur- Maxi- Cur- Maxi- Cur- Maxi- Cur- Maxi- 
rent. mum. rent. mum. rent. mum. rent. mum. 

mp. nbls. m!a. mp. mh. mls. mp. m!a. 
17.0 20.6 ................ 11.e 21.5 ................ ............................................. 13.1 1R8 ................ ....................... 19.7 21.5 14.3 3 . 2  ................ ....................... 17.0 la8 ................................ ............................................ 1XS 23.2 ................ .................................. (1.0 26. S ................ ......................................... 6.3 17.9 ................ 
14.S m.6 ................................................ 
17.9 29.8 11.6 19.7 ................................ ............................ 13.4 17.9 ................................ ..................... 8.0 18. 3 ................................ ......................... 13.4 16.1 16.1 21.S ................ ....................................................... 11.6 . 21.5 ......................................... 1 2 5  21.5 ................ ........................................ 11.3 17.9 13.4 17.9 ......................................................... SO 17.9 ........................................... 17.9 23.2 9.S 25.0 .......................................... l a 7  19.7 ................ 

-------- 

LOW, it is difficult to know whether the westerly tendency 
was also present there, where surface wiqds were easterly. 

Mr. W. R. Gregg, in discussin this question, has 

the l%h the observp,t.ions showed an easterly component & ~ 1  
high as 3 kilometers; in fact, the wind was almost parallel 
to the sea-level isobars. Above this height, however, there 
was a veering to sout,hwest. The easterl component at 
Ellendale, while still in evidence at 2 Lometers, had 
diminished considerably in strength. The temperatures 
at Ellendale, both at the surface and aloft, were lower 
t.han at Drexel, with the result, that with increasing alti- 
tude there Was a diminishing pressure gradient between 
the two stations. Indeed, at 2 kilometers above s e a  

pointed out the fact that at Drese 4 on the mornipg of 

horizontal pressure gradi- 
e sea-level distribution of 

A few of t,he highest surface velocities recorded during 
the passage of trhe LOW are given in Table 1. . 

TABLE l.-&rr€nt and m X h U m '  vdoeitks of surfaa wind. 
I Feb. 12. I Feb.'l3. 1 Feb. 14. 

Station. I 8p.m. I . ~ 8 . m .  I 8p .m.  I 8a.m.  

s, William J.: The physln of the air F r a e n  Institute, Phllade!phia 
I d t g y 3 3 4 0 .  Cf. Ma~vin, C. F: The law of 'the gemdal slope and fallaues in' 
dynarmc meteorology, thu REVIEW, pp. 5-78. 
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~ 

Date. Tlma Station. &% 
~elonty.  

-- 
A. Y. ~ I S .  

Feb. l2... 8 Ellendale ..... 22 
Drexel ........ 13 

... 20 Omesbeck.. 
. BrokenArrow 20 

TABLE 2.-Comparison of observed and computed wind velocities. 

obser~ed velmity. 1 ~ b i z g z j  
- 

500 1.ooO 500 1.W 
meters. meters. meters. meters. 

mls. m/a. mls. mln. 
---___- 

110 10 -12 -12 
I12 14 - 1 + 1  

21 28 + 1 + 'S 124 30 . + 4  +in  ----- 

G p. m. 4 p. m. 
~~ _ _ _ ~  

~ 

1 The data for Ellendale, Drexel Broken Arrow and Royal Center are given for a 
level 350 meters above the station 'instead of 500 deters above sea level because of the 
fact that they are over 200 meters'abooe sea level, and thus the j00 meter ahow sa- 
le@ elevation would be so near the surface at those statons as t? Include eonaderahle 
influence of fdctim. AU other values in the table are for the haghts inacated ahove 
sea-level. 

10 p. m. 8 p. m. 

The lar e ne ative departure of Ellendale on the 12th 
is probabfy t o 5 e  accounted for by the decrensing @a- 
dient pointed out above. Converse2 the escess of 
observed over computed velocitsies at roken Arrow nnd 
Groesbeck can be explained on the basis of an increasiii 
qadient aloft, which is produced by the smaller vertica 
aecrease of pressure in the heated air of southern 
latitudes. 

It is also evident that the best agreement occwrretl in 
those cases where the homo eneous northerly winds 
were blowing, on the 14th an f l5 th .  The greatest dis- 

K 

4 %  ....... SW 
nn.Iog (?) .... 
10 st. cu-. ..s 
None .......... 
None .......... 
4CI ........ W 
10A. St ..... S 

crepancies, on the other hand, occur where the winds 
are not homogeheous-that is, where there is over- and 
under-runnin of winds. The reason for tnese discre - 
easterly or northeasterly wind at the surface is wedgi 
itself under a southerly current, there is a region, bounde 
on the south by the steering line, in which the reduction 
of pressure to sea-level is influenced by the temperature 
arpment. That is to say, the temperature at stations 
north of this line is abnormally low owing to the im- 
portation of cold air, with the result that the reduced 
pressmes are somewhat greater than they should be. 
Thus, the weather map indicates a gradient wind which 
does not esist. The mention of this point must natur- 
ally lead to the repetition here of a point which was 

that if we are to he niade in an earlier paper,' 
able to forecast winds aloft for t e use of aviation, or, 
ns in this case, to determine the gradient velocity from 
computation hased upon isobtwic maps, those maps 
m:u& represent the pressure distribution at the level 
under considikation. Sea-level maps do not represent 
such a level, and it is only a fortunate circumdtance 
which permits us to approsimate the speed of the winds 
ab a few hundred meters nbdve the surface with a fair 
de ee of accuracy. 

??7ztds.-The following table gives for four stat,ions 
the succession of clouds as observed during the passage 
of the LOW. These observations were made at Signa.1 
Corps stations everg two hours, from 6 a. m. to 8 or 10 

The stations presented here, Kelly Field, Tes.; 
EllEgton Field, Tex.; Gerstner Field, La.; and Hazel- 
hurst Field, Long Island, N. Y., are not as well dis- 
tributed with respect to the depression as one might 
wish, but they serve as good esamples of t,he succession 
of clouds in the particular portions of the storm in which 
they were located. 

ancies is pro % ably as follows: In the case where a co r d 

7i 

namel% 

10 St ........ S 10St ....... SW 10Nb ........ 6 
Dn. log ...... ....... SW 
10 St, c u  ..... 
None .......... None .......... None .......... 
None .......... None .......... None .......... 
9 Ci.St ..... W 9A.St..r ... W GA.St ..... SW 
10A.St ..... 8 10.4.8t ...... S 10A.St .... SW 

TABLE 5 . 4 m x s s i o n  of cloElds as observed at two-hour intmzvrls during ihe passaqe of the zow at Kd1 Field, Ellingtb Field, Gerstner Field, and 
Harelhurst FieM, qiven in anioiiiit ( t en th  of shy cowed) ,  kind, and jirecrion. 

lost ......... 8 lost ....... sw 
St. Cu.---sw 

Few Cu .... SW 
None .......... 
None .......... 
A. ... sW 

10A. St ...... 8 

~ 

Station. 

10% ....... sw lost ....... sw 1ost.cu ..... 8 10st.Cu.. 
lost ....... sw 10St.Cu ..... 8 1ost.Cu ..... 8 1ost.cu. 

None .......... None .......... None .......... None. 
None .......... None .......... None .......... None. 

10A.St ...... S 10A.St .... SE 10Nb.l ....... 1OSt. 

st.---.--sw None .......... None .......... None. Dust .......... 1 
{Few A. Cu. .W Few A. Cu.. W } 10A. St.-.--W 106. st*.---w 1 0 ~ .  st .._.. w 101. st.., 

Kelly Field (San 
Antonio), Tex. 

E l l i n g t o n  Field 
(Howton), Tex. 

, Data. - 
Feb. 10 
Feb. 11 
Feb. 12 
Feb. l3 

Feb. 10 
Feb. 11 
Feb. 12 
Feb. 13 
Feb. 14 
Feb. 15 

Oeratner Field(Lake 
-I-), 

H a A h m t  Fleld 
(-Oh), N: 

Feb. 16 

Feb. 10 

Feb. 11 

Feb. 12 
Feb. 13 
Feb. 14 
Feb. 15 

Feb. 16 

Feb. 10 

Feb. 12 
Feb. 13 

Feb. 11 

Feb. 14 
Feb. 15 
Feb. 16 

Time. 

10 A. st .... SWI 

... ......... ........ .... 10 st. cu. ..sw 10 st cu. ..sw 10 st. cu sw 10 st. clL..sw 
6Cu W 7Cu: W 8St.Cll.WSW 6A.Cn SW lost ......... 8 lost ......... 8 lost ........ -8 1081 .......... €4 
Lt hare .... W Lt ham .... W Lt.haza .... W L t . U  .... W 
Lt: ham.. ..W Lt: haze.. ..W Lt lo .. WNW Lt ...... W 
6A.St ...... W GA.St ...... W I 3A.fft ...... W F d T ' S t  ... Wl 
1OA. St .... SWl 10A. St .... SWI 1OSt.Cu.WSWI 1OSt.Cu.WSWI 

FewA. 8L.W ZA. St ...... W { t , ~ ~ ~ ; ~ ~ . ~ s ~ I ) l A . S t  ...... WI 10A.St.WSWI 10A.Cu.WSW 

......... ....... SW r 8Gu ....... SW 4CU ....... SW1-!%~A'st.w' 

host ...... SSWI lost ...... SSWI lost ..... saw 

I,. ........ ......... 10 8t w sw ..... fl cu 
ILt. fog Y -I,. ,"S , 
I9A.St WSW 4 A C u  WSW 1A 
11 st 
3 A. St W(9) Lt. ham Lt. haze Lt. haze None 1 None -1 None. 
Lt. haze .I Lt. haze Lt. haze... .I None None None NOM. 
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Because of markedly deficient precipitation in northern and central 
California during the ast four miny seasons serious loss resulted diir- 
ing the dry sewn of 1920. Streams reached the lowest stages on 
record. The Sacramento River at Sacramento fell below mean sen. 
level, and the current of the stream was reversed in direction. The 
saline waters of San Francisco Bay encroached upon rich agricultural 
lands of the delta region. reducing the vegetable cro s, drove the dairy 
industrv to other regions, and threatened irreparabe damage to allu- 
vial soils through the infiltration of salt water through seepage. For 
domeetic use fresh water had to  be transported on barges across the 
bay. The teredo. or “ship worm,” a minute salt-water organism. did 
great damage to wooden structures. In the interior valleys the water 
groblem has passed from one of too much water to one of too little. 

he average yield per acre of many cro s wm reduced in 1930 because 
of deficient moisture. Rice growers fe& the drought keenly. bermuse 
of the large water reyuirementa of rice. Litigation over water rights 
has ensued, and additional legislation is apparently needed to meet 
new conditions. Yydroelectnc power shortage resulted in power 
restrictions and higher rates for electricity, thus raising the cost of 
living. TVells went dry because of the lowered level of ground water. 
Forest ’fires were more frequent and destructive than 111 past years. 
owing to the parched condition of the forests. Partial relief from t.he 
drought came ae n result of copidus showers in October, 1920. The 
storar and utilization of fresh water is one of the most important 
prob.eTps confronting California to-day. 

Comparatively few eo le residing in the central and 
ortions of t t e  flnited States appreciate the 

value eastern o P the generous precipitation received in those 
regions. In the West and Southwest, and particularly 
in California, water is wealth, and irrigation water is 
aptly termed “the lifeblood of the Stnte.” Since suc- 
cesshl agriculture requires a minimum of I5 to 20 inches 
of wnter a year, vast re ons in the West, where the annual 

dependent upon artificial irrigation. Most of these irri- 
ation systems receive their supplies from the relatively 

feavy precipitation of the mountain re ions, and the 

such s stems clue allowance is made for abnormal1 heavy 

precipitation recurs for three or four consecutive years 
the inevitable water shortage brinp economic results 
which cause it community to recopze the necessity of 
an adequate water supply, 

precipitation is norninl !? y below those amounts, are largely 

water is conducted t h o u  h artificial cana B s from streams 
or from naturd or art1 % cial reservoirs. In  designing 

or de f? cient precipitation. But when abnormal T y light 


